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Objectives: During the endovascular repair of abdominal aortic aneurysms (AAAs), effective anchoring of the stent- 
graft is difficult in the presence o,f a short in`frarenaI neurysm neck. The aim of this study was to investigate r nal artery 
patency and renal,function after deployment o,f graft anchoring stents across the renal arteries. 
Design: Retrospective open study. 
Patients: Twenty-five renal arteries, in 18 patients treated by endovascular exclusion of an AAA, were intentionally 
covered with the Gianturco Z-stent o ensure stent graft attachment. 
Methods: Renal artery patency was assessed by repeated spiral computed tomography (CT) scans and angiography. 
Creatinine levels, blood pressure and antihypertensive medication were recorded. Follow-up was a median 6 months 
(2-9). 
Results: All 25 stent-covered renal arteries remained patent, CT showed a small infarct in one kidney. Creatinine was 
108 #molfl (89-133) before intervention and 98 #moI/1 (87-127) at follow-up. Blood pressure was 150/80 mmHg on both 
occasions. Antihypertensive therapy was intensified in one patient whose creatinine level remained stable and whose 
separate renin sampling was normal. 
Conclusions: Covering the renal arteries with the Gianturco Z-stent does not seem to affect renal `function within 6 
months. Further,follow-up is needed before suprarenal stent deployment can be advocated. 
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Introduction 
While an increasing number of patients with ab- 
dominal aortic aneurysms (AAAs) are being subjected 
to endovascular t eatment, 1-8the attachment of the 
proximal, graft-anchoring stent remains the main prob- 
lem. A short aneurysm neck excludes ome 30--40% 
of these patients from endovascular g afting. 9 A short 
neck is a poor stent attacKment site, causing both 
endoleakage and stent dislodgement. Neck suitability 
for graft anchoring depends on several factors. A 
sharp, mostly anteroposterior, neck angulation and a 
conical rather than cylindrical neck shape makes safe 
stent attachment difficult. Sometimes thrombus hin- 
ders firm contact between the stent and the aortic wall. 
Methods capable of dealing with these difficulties are 
needed, and a more proximal placement of the graft- 
anchoring stent may be a solution. The non-covered 
part of the stent may then interfere with one or both 
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renal arteries o that the graft should be attached to 
its distal hall  the bare proximal part of the stent 
protruding out of the graft (Fig. 1). 
The aim of the present study was to assess patency 
of stent-covered renal arteries after endovascular treat- 
ment of AAAs. 
Patients and Methods 
All data distribution ispresented as medians followed 
by interquartile range in parenthesis. 
Between April 1994 and 1996, 46 patients have been 
successfully operated on for an AAA by the en- 
dovascular transfemoral approach at Malm6 Uni- 
versity Hospital. In 18 of these cases one or both renal 
arteries were covered by the graft-anchoring stent, 
because the aneurysm neck was judged inadequate 
for safe stent-graft attachment. The median age was 
72 years interquartile range, (IQR 67-75). Two-thirds 
of the patients had hypertension, and all except wo 
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Fig. 1. Principles of stent graft anchoring atthe level of the renal 
arteries. The proximal 10 mm of the Z-stent protrude out of the 
graft and are placed at the level of the renal arteries in patients 
with an insufficient infrarenal neurysm neck. In this drawing, the 
left renal artery is stent-covered. The anchoring hooks and bars of 
the stent have been schematically added. 
had additional cardiopulmonary disease including an- 
gina, a history of myocardial infarction, cardiac failure 
or chronic pulmonary disease. The median time of 
follow-up was 6 months (3-9). 
Aneurysm neck length and neck diameter were 
2.0 cm (1.5-3.0) and 2.5 cm (2.3-2.8), respectively. Aor- 
tic angulation at neck level was 30 ° (15--45). Five 
patients had necks shorter than 1.5 cm, six had neck 
diameters >_2.6cm, and in eight cases the neck an- 
gulation was >_ 30 °. The neck was conical in at least four 
cases. The aneurysm diameter was 5.4 cm (4.9-6.2). The 
overall aneurysm orphology was such that none of 
the patients had a distal aortic neck, and only three 
of the 18 patients could be offered a bifurcated stent 
graft. 
Twenty-five renal arteries in these 18 patients were 
covered by the bare end of the graft-anchoring stent 
(Fig. 1). The stents were 25 mm long self-expanding 
Gianturco Z stents ® (Cook Inc., Bloomington, IN, 
USA). Ten mm of the stents were protruding prox- 
imally out of an endovascular dacron graft (Cooley 
very soft ® Meadox, Boston Scientific, Boston, MA, 
USA). 
The position of the stent and renal artery patency 
were confirmed by i'ntraoperative fluoroscopy and 
repeated postoperative follow-up, including spiral 
computed tomography (CT) and angiography. Cre- 
atinine levels and blood pressure were compared with 
preoperative values. Any change in antihypertensive 
therapy was noted. 
Results 
All 25 stent-covered renal arteries remained patent. 
Subsequent angiography did not reveal development 
of any additional stenosis. Both renal arteries were 
covered in seven patients (Figs 2 and 3), while only 
the most distal renal artery was covered in the re- 
maining 11 cases. On CT both contrast accumulation 
and excretion by the kidneys were unaffected, except in 
one case with a partial ower pole infarction involving 
approximately 20% of that kidney and affecting neither 
creatinine level nor blood pressure. Subsequent CT 
and angiography at3 and 6 months showed that the 
infarction remained unchanged. 
The median preoperative creatinine level was 
108 gmol/1 (89-133), remaining at 98 gmol/1 (87-127) 
during the postoperative follow-up period. Median 
blood pressure was 150/80 mmHg both at admission 
and at follow-up. One patient with rising blood pres- 
sure and intensified antihypertensive th rapy had nor- 
mal renin sampling. 
No stent dislodgement or proximal endoleakage 
was noted on angiography or CT scans. 
Discussion 
The present study indicates that safe graft attachment 
may be achieved, even in cases with suboptimal an- 
eurysm necks, by placing the stent more proximally 
in the aorta covering one or both of renal arteries. We 
recorded one minor infarction of a kidney pole and 
there was no clinically relevant reduction of renal 
function during the follow-up period. 
Elderly patients with large aneurysms but short 
necks are frequently encountered. A neck length 
shorter than 20 mm has been regarded as a contra- 
indication for endovascular grafting. For these 
patients, depending on their general condition, there 
has been no therapeutic alternative to conventional 
surgery. The present data suggest that stents covering 
the renal arteries may be a valuable option for this 
patient group. 
Hitherto, this method of stent placement has not 
been advocated routinely, due to uncertainty con- 
cerning the long-term patency of stent-covered renal 
arteries and risk of renal embolism. While data from 
animal experiments have been encouraging in the 
short term, 1°-~2 clinical experience from other arterial 
segments has been contradictory. 13-~4 The most com- 
monly encountered parallel is stent covering of the 
internal iliac artery when treating common and ex- 
ternal iliac artery stenosis. Although systematic reports 
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Fig. 2. Contrast-enhanced CT sections at the level of the renal arteries of a patient treated by endovascular grafting for an AAA. Scan 
after endovascular grafting demonstrating stent position, maintained patency ofboth renal rteries and contrast accumulation n the 
kidneys. Both renal arteries are covered by the bare end of the graft-anchoring Gianturco Z-stent. 
are scarce, the general experience is that occlusion of 
side branches occurs frequently, which is unacceptable 
for the renal arteries. However, stents utilised in the 
treatment ofocclusive disease have small gaps between 
the stent wires, while in treating AAAs we have 
selected Z-stents for graft anchoring, 
The present results have been obtained with one 
specific stent ype. It is possible that other stents may 
occlude covered side branches. Even though the Z- 
stents, with large gaps between stent wires, have been 
shown to cause actual crossing of the renal artery 
orifice by the stent legs, 1° no occlusion occurred uring 
the present follow-up. 
Data on follow-up longer than that presented in this 
study is not available. While stent thrombogenicity 
may cause early occlusions, intimal hyperplasia even- 
tually becomes the predominant problem. In the pres- 
ent study thrombogenicity self did not influence side- 
branch patency, but follow-up may have been too 
short for intimal hyperplasia to fully develop. 
For these reasons tent covering of the renal arteries 
is only advocated in elderly patients with large an- 
eurysms and short necks who are at substantial risk of 
aneurysm rupture, but for whom conventional surgery 
would be too risky. 
One potential risk is occlusion of the renal rteries 
by the covered portion of the stent-graft. Both pre- 
and intraoperative imaging must be optimised to avoid 
this complication. The proximal end of the graft has 
to be marked with radio-opaque material to facilitate 
its precise location during deployment, and the length 
of the bare stent protruding out of the graft has to be 
adjusted to each patient's individual anatomy. Some- 
times small supernumerary enal pole arteries, em- 
anating more distally from the aorta, have to be graft- 
covered to enable endovascular grafting. No sub- 
stantial oss of renal function or secondary hyper- 
tension was registered on those few occasions (data 
not shown). 
Generally the aorta tends to dilate in the region of 
the aneurysm neck, while its diameter isbest preserved 
at the level of the renal arteries. Because vessel dilation 
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Fig. 3. Angiogram showing raft-anchoring Z-stent covering both renal arteries that remain patent. No contrast leakage is seen outside 
the endovascular g aft. 
has been shown to cause stent detachment ,  at least in 
g rowing  an imals /5  the most  f i rm stent anchor ing  may 
prove  to be at the level  of the renal  arteries. It is 
notewor thy  that despi te  the diff icult neck morpho logy  
encountered  in our  pat ients,  nei ther  stent migrat ion  
nor  prox imal  endo leakage occurred.  Contrar i ly ,  stent 
migrat ion  could  be noted  w i th in  6 months  among 
the pat ients  w i th  inf rarenal  stent p lacement  on four 
occasions. Preoperat ive ly ,  the necks of these pat ients  
were  cons idered  better  su i ted for graft anchor ing.  
Whi le  p lacement  of stent devices at the level of 
v i ta l  arter ia l  s ide branches  cannot  yet  be rout ine ly  
advocated,  the present  data  suggest  that in selected 
cases it may prove  to be a va luab le  opt ion.  Fur ther  
research on this subject is necessary.  
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